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The role of gaze clearly changes as learning progresses. To begin with, the eyes follow the movements of the cursor. At this stage vision is being used to check on the effects of the rather inexpert control operations, and learning proceeds by associating particular manipulations with their visual consequences. During the skill acquisition stage, gaze begins to anticipate cursor movements and, as manipulation becomes more secure, vision is used to provide a series of local goals for cursor movements. Finally, with control of cursor direction established, it is sufficient for gaze to mark the target -the end point of the cursor movement.
To what extent does this study provide a model for the learning of eye-hand coordination in general? First, the task described here is being undertaken by adults who already have a full repertoire of eye movement strategies to deal with most contingencies in life, including new skill acquisition, so this is probably not like the early stages of eye-hand coordination in infancy -about which, it must be said, we know nothing. Another qualification to the generality of the study might be that the tool that had to be mastered here was made deliberately difficult to use, and this probably had the consequence of extending the initial exploratory period for longer than would have been the case with, for example, an ergonomically designed joystick.
That said, the description of the evolution of eye hand-coordination in this particular skill, with a gradual transition from a monitoring to an anticipatory role for the eyes, does sit very nicely with ideas about skill acquisition in other contexts. Many activities we learn after early childhood have components that require the visual calibration of a manual activity -how much to turn the steering wheel of a car, or the effects of a tennis stroke on a ball's trajectory. These imply a period when vision is mainly concerned with checking consequences, corresponding to the first two phases of the scheme proposed by Sailer et al. [6] . Equally, once the calibration has been established, vision is freed up to look ahead -to the next bend or the intended target of the next stroke. Vision now has a feed forward rather than a feedback role.
It has long been recognised that skill acquisition proceeds in stages. Psychologists distinguish the early attention-demanding stages in learning a new skill, from the later stages in which actions are automatized, and require little or no conscious intervention [7, 8] . There are also theoretical models of the internal processes involved in motor control which allow for learning by comparing motor signals with sensory feedback, and which lead to predictive behaviour -the kinds of processes that seem to be at work here [9, 10] . Other studies have considered the transformations involved in eyehand coordination [11] and the possible neural substrates of motor learning [12] .
The eye movement patterns demonstrated in the new study [6] have exposed some of the deeper processes that occur during skill learning, processes that could not have been foreseen just by observation of the actions themselves. With this information it should be possible to refine models of the learning process, both in terms of their computational mechanisms, and also the parts of the brain that are likely to be involved. What are the forces that push and pull on the spindle poles? A highly simplified sketch of the primary forces believed to be acting along the spindle axis is given in Figure 1 , which depicts two sources of active, energydissipating forces: microtubule sliding motors acting on antiparallel microtubules; and microtubule assembly/disassembly itself [1] . A third force, which can be regarded as passively reacting to the active forces, is the (presumably) elastic stretching of the chromosomes [1] . The outward extensional sliding force is mediated by Kinesin-5 (Klp61F in Drosophila and Eg5 in humans), and the activity of this motor protein is critical for spindle bipolarity [3, 4] . The sliding behavior can be thought of as similar to that powering contraction of a muscle sarcomere, but in reversefilament sliding via molecular motors leads to spindle extension, rather than contraction as in the sarcomere. Other microtubule motors (not shown in Figure 1 ) could act to either supplement or oppose the extensional force [5] . In response to the outward extensional force alone, chromatin would be stretched to provide a counteracting inward tensional force, with the force transmitted from the poles to the chromosomes through the relatively inextensible kinetochore microtubules.
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A central question in biology is
Microtubule assembly dynamics must also be accounted for in the force balance. First, the assembly of kinetochore microtubules acts to relieve the inward tensional force, while kinetochore microtubule disassembly increases the tensional force. The plus-end assembly of interpolar microtubules creates a greater antiparallel interpolar microtubule overlap, potentially enabling greater extensional force generation, while interpolar microtubule disassembly at the plus end will reduce overlap, thus potentially reducing the capacity for extensional force generation. Furthermore, minus-end assembly of interpolar microtubules will reduce the extensional force directly. For simplicity a number of other potential forces are omitted, including an elastic spindle matrix force, forces acting through astral microtubules in contact with the cortex, and chromosomeassociated microtubule motors such as chromokinesins. In metaphase, the spindle length remains constant (~2-30 µm depending on cell type) for Because the kinetochore microtubules provide a relatively inextensible linkage, they directly transmit the active outward extensional force from the spindle pole to the kinetochores and the chromosomes, which will passively resist via elastic stretching (provided the sliding forces on the kinetochore microtubule are small). The chromosomal spring force is transmitted between sister chromosomes through their cohesive contacts (thin black lines between chromosomes). Microtubule assembly (at plus ends only) via addition of α αβ β-tubulin (green-red dumbbells) and disassembly (potentially at both ends) contribute to the force balance as well. When kinetochore microtubules disassemble at either end, they become shorter and thereby increase the inward tensional force, assuming that they maintain attachment to spindle poles at their minus ends and to kinetochores at their plus ends. Conversely, kinetochore microtubule assembly at plus ends relieves the tension on the chromosomes and reduces the inward tensional force. Finally, interpolar microtubule assembly at the plus end allows greater overlap of antiparallel microtubules, potentially allowing greater outward extensional sliding forces to be generated, while interpolar microtubule disassembly at plus ends will reduce antiparallel overlap to potentially limit the extensional force and interpolar microtubule disassembly at minus ends will relieve the outward extensional forces directly. A key feature of metaphase spindles is that their length is stable, meaning that the forces acting on the poles (gray arrows) are balanced. To explain this effect, Goshima et al.
[2] used a previously published mathematical model for spindle length during anaphase, extending it to metaphase by including spindle elasticity, kinetochore microtubules, and sister chromatid cohesion [8, 9] . Even with these effects included, however, the model did not settle to a steady-state length, but rather grew to infinity. To establish a steady-state, the authors then considered a 'coupling assumption,' where the Kinesin-5 sliding activity promotes microtubule depolymerization. For concreteness and illustration purposes only, one potential scenario is sketched in Figure 2 . This coupling, where the depolymerization rate depends exponentially on the sliding force, saturating to a maximum rate at large forces, enabled a steadystate spindle length to be achieved. Interestingly, the model also predicts the collapse of the spindle below a threshold concentration of Kinesin-5. Goshima et al. [2] acknowledge that other coupling assumptions might be considered as well, and that further evaluation will be needed. For example, recent analysis of budding yeast and Xenopus extract spindles suggest that tension on the kinetochore can trigger a bias towards assembly, or attenuation of disassembly, at the plus ends [10, 11] . Nevertheless, the model makes a surprising prediction about spindle stability that turns out to be true.
Spindle length regulation has been studied most extensively in budding yeast [12] . As in the S2 cells, the spindle length in budding yeast is fairly constant in metaphase [13] . But there is no evidence for minus-end disassembly, simplifying analysis of the system [14] . Also, only four motors enter the nucleus, Cin8p (Kinesin-5), Kip1p (Kinesin-5), Kar3p (Kinesin-14), and Kip3p (Kinesin-8), and from deletion mutant analysis, it was deduced that Cin8p and Kip1p act as sliding motors to elongate the spindle, while Kar3p acts antagonistically to shorten spindles [15] . The budding yeast system also permits rough estimation of the magnitude of the inward tensional force on chromatin, which from chromosome marking experiments is estimated in metaphase to be sufficient to force nucleosome release [16, 17] . From in vitro studies with laser tweezers, this suggests an average tensional force exceeding 15 pN per chromosome [18] . Given that there are 16 chromosomes, then the total inward tensional force is estimated to be >240 pN, implying an outward extensional force of >240 pN, neglecting net tension or compression exerted from outside the spindle.
In the Xenopus extract system, the addition of monastrol, a drug that interferes with Eg5 (Kinesin-5) function, was recently reported to cause a 'switch-like transition' from bipolar to monopolar as a function of increasing monastrol concentration, with little effect on spindle length noted at subthreshold concentrations [19] . Interestingly, even though spindle Females may benefit from mating with several males, but how can they avoid mating with the same male repeatedly? A new study of crickets has found that females mark their mates to avoid repeat copulations.
